70% water holding capacity and incubated at 25 ˚C in dark for 45 d in an incubator 138 SANYO Electronic, Co., Ltd., Tokyo, Japan). Each treatment was performed in triplicates. The 139 bottles were opened every 3 d to maintain the water content and avoid anaerobic condition. Once 140 the incubation was completed, the soil samples were collected and stored at 4 ˚C for microbial 141 analysis on the next day. Soil chemical properties and dehydrogenase activity of the air-dried 142 samples were determined. Elmer, USA), respectively, as described by Rajapaksha et al. (2015) . The total carbon and 151 nitrogen contents were determined using an elemental analyzer (Eurovector, EA, Italy). The quantification accuracy of As and Pb fractions was calculated, as described by Mladenović et al. (2011) . 164 Recovery % = 165 where TMC is the total metal(loid) content obtained from the soil digestion (USEPA, 2007) . The 166 average recoveries of As and Pb in soils were 87.16% and 92.25%, respectively. 
Microbial fatty acids and dehydrogenase activity
The FAME analysis was performed to extract the microbial fatty acids from soils, as described 182 by Schutter and Dick (2000) . The FAMEs were recognized with the retention times and 183 equivalent chain lengths of standards (Microb analyser sample kit, Agilent Technologies).
184
The identified FAMEs were designated as the biomarker profiles of various microbial groups 185 according to the literature. Bacteria (i.e., 14:0, 15:0, 16:0, 17:0, and 16:1ω9c) (Frostegård and Bååth, 1996; Jindal et al., 2013; Langer and Rinklebe, 189 2011; Moche et al., 2015) , Gram-positive bacteria (GPB) (i.e., i15:0, a15:0, i16:0, i17:0, and 190 a17:0) (Federle, 1986; Frostegård et al., 1993; Langer and Rinklebe, 2011; White et al., 1976; 191 Graphite-like structures were formed in biochars ( Fig. 1a ). There were two main bands at around relatively high degrees of graphitization, and the highest graphitization was observed in PKS.
221
The relatively high pyrolysis temperature at 500 ˚C might stimulate the formation of carbon ring 222 structures and arrangement of carbon structures more systematically in all studied biochars.
223
The systematic arrangement of carbon structures is further supported by the results of FT-IR 224 spectra ( Fig. 1b ). Aliphatic surface functional groups at the wavenumber regions of 2800-2980 225 cm -1 and 1000-1320 cm -1 totally disappeared in all biochars and exhibited enrichment of 
230
The P-soil contained large amounts of fine particles (22.39% silt and 18.15% clay) compared 231 to those in the U-soil (9.24% silt and 10.85% clay) ( Table 2 ). The topography of P-soil showing 232 the low-lying terraces might influence the accumulation of fine particles in the top soil layer.
233
Comparatively, the U-soil having a high elevation enhanced the domination of coarse soil 234 particles. The pH of P-soil and U-soil were neutral (pH 6.96) and acidic (pH 5.01), respectively.
235
The As contents (P-soil 52.58 mg kg -1 ; U-soil 1940.92 mg kg -1 ) and the Pb contents (P-soil 236 1259.58 mg kg -1 ; U-soil 1445.00 mg kg -1 ) of the soils were extremely higher than the warning and U-soil ( Fig. 2a, b ). Even though the PKS is neutral (pH 6.9), the soil pH of P-soil was 244 increased by 0.24 units compared to that of the control, probably because of the reactions among 245 soil buffering capacity and biochar properties (Ahmad et al., 2012) . At the end of incubation 246 period, the pH in the soils treated with biochars was between 5.4 and 7.6. Hence, the addition of 247 studied biochars may not be a considerable factor to increase the soil pH to a harmful level of >8 , 2008) . The clay content, initial soil pH, and amount of basic cations were higher 252 in the P-soil than in the U-soil as shown in Table 2 . These factors might be effectively facilitated 253 to buffer the pH changes with regard to the biochar additions in the P-soil compared to those in 254 the U-soil.
255
A significant enhancement of soil EC was observed in soils treated with CP ( Fig. 2c, d) . The 256 very high K + (22960 mg kg -1 ) and Na + (13710 mg kg -1 ) contents in CP might be a reason for the 257 significant increase in soil EC. The CP treatment showed the highest exchangeable K + and Na + 258 in the soils after the incubation period (Table S1 ). However, CP did not increase the soil EC to a 259 harmful level (i.e., EC > 2 dS m -1 ) for plant growth and microbial activity (Brady and Weil, 260 2014). The addition of CP also enhanced the total exchangeable basic cations (i.e., Ca 2+ , Mg 2+ , 261 and K + ) in both the soils, following the addition of WB; however, the addition of PKS did not 262 increase the total exchangeable cations ( Fig. 2e, f) . The large contents of basic elements ( as mentioned above (Table S2 ). The additions of WB and CP to the P-soil significantly reduced
the exchangeable fraction of Pb, whereas the addition of PKS was not effective (Fig. 3a ). In the was reduced significantly by all biochars in both the soils ( Fig. S1a and b There was no exchangeable As in the P-soil, and it was the same even after biochar 308 application. However, in the U-soil, exchangeable As was significantly increased by the WB 309 addition (Fig. 3d ). On the basis of the results from the two soils, it could be concluded that the Table S3 ). In fractions because of the increase in the soil pH by alkaline biochars (Table S3 ).
329
The available P content in the biochars might also negatively affect the As immobilization.
330
PO 4 3is chemically analogous to As(V); hence, the increase in PO 4 3induces the release of As ). This might be a reason for the highest exchangeable As observed when WB was added to 333 the U-soil. The P content was highest in WB followed by those in CP and PKS, and the As 334 mobility also had the same order as the P content in the studied biochars. pores should be larger than 2 µm to provide a suitable environment for soil microorganisms.
368
Therefore, the effective surface area of PKS for microbial growth might be similar to those of 369 WB and CP, and the microbial colonization on RPS surface might not be significantly high 370 compared to those on WB and CP surfaces. Even in long term, the high surface area of RPS may 371 not be helpful in the microbial colonization because of very low pore size (Lehmann et al., 2011) .
372
The PCA of the identified fatty acids clearly distinguished the two soils. The PCA results
373
revealed that the additions of biochars did not affect the initial microbial community structures.
374
For the U-soil, the significant increase in the total FAMEs by PKS was not vital to differentiate 375 its microbial community from those in the WB-and CP-treated soils including the controls (Fig.   376 5a). The results from the PCA of the fatty acid biomarkers of the specific microbial groups 377 revealed the predominant microbial biomarkers responsible for the differentiation of the two 378 soils (Fig. 5b) . The principal components PC1 and PC2 explained 94.1% and 4.4% variations, 379 respectively. PC1 was responsible for more than 95% of the total variations explained by the first biomarker FAME profiles of the specific microbial groups to identify the responsible microbial 708 communities that make the distinction between two sites (b). S3, S5, and S8 are Sum In Feature • Biochars were efficient in improving soil chemical properties. • Biochars did not enhance As immobilization in soils.
• Biochars were not beneficial for soil microbial community abundance.
• Biochars were not beneficial for increase in soil dehydragenase activity.
